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ABSTRACT 
Any-time any-where communications systems today go beyond providing people-to-people links to providing geographic 
place based information. While such systems that link People-to-People-to-geographical-Places (P3-Systems) have 
burgeoned over the last decade or so, their functional similarities and design approaches have not been systematically 
examined and classified. This paper helps address this gap in the literature by first recognizing P3-Systems as a distinct class 
of applications, and then providing a conceptual framework that distinguishes between four basic design-approaches.  These 
are : 1) People Centric P3-System design that uses absolute user location, based on awareness of where somebody is located; 
(2) People Centric P3-System design based on user co-location / proximity; (3) Place Centric P3-System design base on the 
use of virtual spaces that contain representations of user’ use of physical spaces; and (4) Place Centric P3-System design 
based on the use of virtual spaces that contain online interactions related to physical location.  
Keywords 
Context Aware Computing, Virtual Community, Location Based Services, Computer Supported Cooperative Work  
INTRODUCTION 
During the last few decades technology has liberated people-to-people communication from connecting people in fixed 
locations, to any-time any-where communication. Technologies such as e-mails, cell phones, Instant Messaging systems etc. 
have changed drastically the way people routinely interact. This has led some to argue that such technologies have resulted in 
much communication being virtualized to the extent that it is geographically placeless (Wellman 2001). However, people as 
social beings still desire a geographic place/location context for communication. The result is that people are constantly 
geographically contextualizing their technology mediated communications with phrases such as “I’m at home”, “I’m at the 
office”, or “where are you now” (Laurier 2001).   
With the widespread adoption of wireless technologies such as the global positioning system, 802.11, Bluetooth, RFID, 
geographical routing technologies, etc., any-time any-where communications systems can go beyond providing people-to-
people links to providing geographic place based information. Using such technologies, computer mediated communication 
and location data such as the geographic location a user is communicating from or to, can be combined to provide appropriate 
geographic context to interactions. A number of proof-of-concept systems have explored this possibility.  For example, 
various systems have enabled individuals and groups to associate text notes with locations (e.g. Burrell et. al. 2000; Persson 
et al 2001).  Others have provided users with an interface that provides awareness in terms of the location and availability of 
‘buddies’ as means to increase informal interactions (e.g. Griswold et. al. 2003).  These developments show how the 
emerging technology environment raises the opportunity for a new and emerging category of information systems utilize the 
systematic capture of geographical data to enhance technology mediated communication. We refer to such systems that link 
People to People to/within a geographic Place as P3-Systems. Information systems that systematically link people-to-people 
to/within a geographic place have not been considered as a related or distinct category. This can be probably be accounted to 
the dearth of location aware systems that seamlessly link people–to-people-to-geographic-places. However with an 
exponential growth in the number and types of such systems being prototyped, it is now apparent that a new collective term is 
needed.  Further, while terminology such as ‘location based services’, ‘augmented reality’, ‘virtual reality’, ‘teleportation’ 
and ‘mixed reality’ can be used to explain some of the technology utilized (Benford et. al. 1998), these terms on their own do 
not describe the functional similarities of these systems.  
A number of P3-Systems have been prototyped since the early 1990s, but each has implemented only a limited set of features 
from the potential design space.  In fact, each system developed has been a narrow exploration of a design space whose 
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overall characteristics remain unknown.  This is not simply because of technological constraints but also because the building 
of such systems has lacked a firm theoretical, conceptual and empirical foundation.  This paper helps address this gap in the 
literature by first recognizing P3-Systems as a distinct class of applications, and then providing a conceptual framework that 
distinguishes between basic design-features.   
P3-SYSTEM DESIGN CLASSIFICATION 
Traditionally, the starting point for categorizing a computer mediated communication system has been in terms of whether it 
supports synchronous or asynchronous communication (Rafaeli and Newhagen 1996). While this categorization can be 
applied to many systems, it should be noted that such categorical distinctions are not clear-cut.  Communications created 
using synchronous technologies can be stored and made persistent and searchable, thus enabling asynchronous use of the 
medium.  Further, ‘synchronous communication’ is not always real time. For example, Internet Relay Chat (IRC) requires 
that users hit the carriage return before the information they have typed is shared.  The result is that individuals using IRC, 
and many other chat systems, can change what they were going to say before having said it. Similarly, asynchronous 
communication tools such as email can be used for quick message exchanges that make the interactions near synchronous. 
These issues highlight both the elasticity of synchronicity and the importance of understanding the significance of making 
interactions persistent (Erickson and Laff 2001).  
Synchronous and asynchronous systems can be viewed as two sides of a continuum.  Consequently, while the division into 
these two categories may help us understand various design possibilities and implications they should not be considered 
absolute.  Further, this categorical distinction will be extended to include synchronous and asynchronous location awareness 
for systems that do not involve traditional forms of communication. ‘Synchronous location awareness’ refers to the provision 
of current information about user location.  This location awareness need not necessarily be reciprocal, in the sense that the 
system may provide a user with a buddy’s location without necessarily providing the buddy with the user’s location.  
‘Asynchronous location awareness’ refers to the provision of historical information about user location.  Collectively 
synchronous communication and synchronous location awareness data is created with the expectation that it will be 
processed in near real time where as asynchronous communication and location awareness data is produced with the 
expectation of an unpredictably long delays between data creation and consumption.  
Beyond questions of synchronicity, existing P3-Systems primarily adopt two basic design approaches to linking people-to-
people to/within geographic-place.  First, People Centric P3-Systems are those which use user location to improve 
contextualization and coordination of interactions, and to enable the identification of previously unidentified affinities 
between users. People Centric P3-Systems are people centric in the sense that the user interface provided is focused not on a 
particular location but on the movements of people in geographic places.  People’s location can be understood in both 
absolute and relative terms. So a person could be located at a particular latitude, longitude and altitude (absolute location), or 
the individual could be located near a friend (relative location).  The second design approach is Place Centric P3-Systems 
that use virtual spaces to represent physical locations.  These P3-systems are place centric in the sense that they shift the 
focus from users to locations, with virtual spaces representing information and current/past activities relevant to a specified 
location. Place centric systems can be divided further into two categories. Some represent past and current user’s actions 
relative to a location. For example, who is in this place now? Others associate virtual space with a physical place or location. 
The virtual spaces represent physical place/location enabling online interactions related to that physical location. For 
example, who can I talk to in this place? 
Each of these four basic design approaches can be instantiated synchronously or asynchronously; as a result there are 8 
distinct categories which we outline in the sections below. Table 1 below summarizes these categories along with illustrating 
question-based scenarios. While the design features of most categories will be described using examples of systems identified 
from the literature, a few will be described using theoretical or hypothetical systems.   
People Centric P3-System Features Based On Absolute User Location 
Synchronous Communication Or Synchronous Location Awareness 
Belonging to this category is the earliest location aware P3-System, ‘Active Badge’, which provides real-time information 
about people’s location. The Active Badge system was conceived and prototyped between 1989 and 1992, it provides a means 
for locating individuals within a building by determining the location of their ‘Active Badge’ (Want and Hopper 1992). The 
Active Badge device worn by personnel transmits a unique infra-red signal every 10-15 seconds that is detected by one or 
more networked sensors within an equipped building. The location of the badge (and hence its wearer) can thus be 
determined on the basis of information provided by these sensors. System users can the command - FIND (name) – that 
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provides the current location of the named badge, and a list of all the locations it has been sighted at in the last five minutes. 
The system is designed to coordinate communication between individuals. For example, internal and external phone calls 
could be routed to the phone nearest to the location of an individual. The Active Badge system has an online community 
space that could be used to locate employees without a public-address system or without telephoning all the possible 
locations at which they might be found. Although the system was not designed with the aim of linking people-to-people-to-
geographic-place, by providing awareness of people’s movements in remote locations, this system enables such links.   
 
P3-System 
Design Approaches 
Synchronous Communication or 
Synchronous Location Awareness 
Asynchronous Communication or 
Asynchronous Location Awareness 
(1) Absolute 
User Location 
 
Provide remote awareness of current 
user location 
e.g. Where are my buddies now? 
 
Utilizes people’s location histories 
 
e.g. Where have  my buddies been? 
People 
Centric 
(2) Co-location / 
Proximity 
 
Real-time inter-user co-location for 
the exchange of social information 
e.g. Who is closest to me now? Is 
there anybody like me here? 
 
Utilizes co-location history to enable 
future interactions. 
e.g. Who uses the physical place I am in 
now and has routines like me? 
(3) Use of 
Physical Spaces 
by People 
 
Online representation of user’s 
current use of physical spaces. 
e.g. Who is in this place now? 
 
History of People’s use of a particular 
space 
e.g. How much do people use this place? 
Place 
Centric 
(4) Interactions 
in Matching 
Virtual Places 
 
Synchronous online interactions 
spaces related to physical location. 
e.g. Who can I talk to in this place? 
What are people here now thinking? 
 
Asynchronous online interactions related 
to physical location. 
e.g. What did people have to say about 
things that happened in this place? 
Table 1: P3-System Design Framework 
It is not hard to imagine various applications that can be supported by the remote locatability feature of the Active Badge 
system. For example, a location-aware descriptor could be provided next to an instant messaging buddy.  In fact, commercial 
services that allow for the remote location of mobile phone users are already in use (e.g. Ulocate http://www.Ulocate.com/  
allows users to see the location of family members).   
An alternative to the above approach is to reverse the process, so that instead of a person seeking out the location of 
somebody they wish to communicate with, the system provides details of the location of the originator of an incoming 
communication.  For example, the caller-ID of incoming phone calls could also contain a location-descriptor, or the message 
lines in a private online chat could contain details of the location of the sender.  This approach is also used by the 
ActiveCampus Explorer (Griswold et. al. 2003), where users can have the system automatically index their instant messaging 
messages with a descriptor of their current location.   
Asynchronous Communication Or Asynchronous Location Awareness 
Group calendars that systematically describe the location of individuals over time fit this category.   In other words, these 
systems provide asynchronous location awareness.  Systems that provide details of the location of the originator of an 
incoming asynchronous communication also fit here. For example, email could be indexed by the location of the sender. In 
fact some moblogs (mobile phone web logs) contain pictures which are time and location stamped.  In other words, by 
linking location awareness to asynchronous communication these systems render the location awareness asynchronous. 
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People Centric P3-System Features Based On Co-location / Proximity 
Synchronous Communication Or Synchronous Location Awareness 
A simple application of this approach is chat between co-located individuals, such as that provided by Cybiko 
(www.Cybiko.com) a sophisticated child’s toy using Radio Frequency communication.  Cybiko allows ad hoc networks to be 
formed between individuals that are within a short distance so that they can interact electronically.  Similarly, the 
Hummingbird is a small portable device, which supports social awareness between people who are co-located ( Weilenmann, 
and Holmquist 2001) The Hummingbird uses wireless communication to give members of a group continuous auditory and 
visual indications of other group members in the vicinity.  The designers of Hummingbird hoped to support face-to-face 
interactions by visualizing group member proximity. 
Another system that provides support for face-to-face interactions using co-location is Borovoy et.al.’s (1998) ‘Meme Tags 
and Community Mirrors’ System. Meme tags are a class of groupware-tags designed in the authors own words to build 
“community” (p.159).  The system has both a personalized online space (individual Meme-Tags) and a community space 
(Community Mirrors).  In this system a meme is an idea or opinion, expressed as a short piece of text.   The Meme Tag 
contains community relevant memes that a participant has chosen. Inter-user proximity enables the spread of memes from 
person to person synchronously. This is meant to encourage people-to-people interactions. The purpose of the Community 
Mirrors is to convey a variety of information about meme exchanges between users in near real time to other users. Included 
within these displays are the actual texts of the memes, popular ideas, dying ideas, as well as information about group 
dynamics, such as the “cliquishness” of the gathering.  These Community Mirrors also give users a sense of knowing what 
other participants know. The system design aims to facilitate the formative stages of interaction by providing people with 
additional common reference points for conversation.   
Co-location can also be used specifically for social matching.  To date, the social matching has typically been in terms of 
supporting dating rather than proximate community, but the design approach is of potential value in both situations. A system 
that illustrates this basic design idea is the Japanese dating toy LoveGety (Reuters / Wired News 1998). When a blue (male) 
and a pink LoveGety (female) are within 15 feet of one another, they beep and flash, telling the user that another LoveGety 
owner is close by. Codes such as “talk”, “karaoke”, and “get2”, with a variety of meanings are used to communicate what the 
user is interested in. This system design encourages real time face-to-face interactions around the idea of ‘dating’, however 
the proximity approach can logically be used to encourage interactions based on many other types of social matches.   
Another, example of a social matching system is Proxy Lady (Dahlberg et. al. 2000), which is a mobile system for informal, 
opportune face-to-face communication, running on a PDA equipped with a radio transceiver. Proxy Lady lets the user 
associate information items (e.g. emails) with other people, called “candidates for interaction.” When a “candidate for 
interaction” is in the proximity, Proxy Lady notifies and provides the user with the associated information item (e.g. the email 
message), and if suitable, is followed by an informal face-to-face interaction.  
‘Social Net’ infers interest-matching from patterns of co-location over time to recognize social relationships and infer 
affinities between users (Terry et. al. 2002). The Social Net handheld client records the time and duration of physical co-
location synchronously, and searches for recurring patterns of co-location to asynchronously infer shared interests between 
users.  The system contains two lists, a ‘friends list” that contains users who are friends, and an ‘unknown list’ that contains 
users who are not friends that one comes in contact with (proximity) in some sort of consistent pattern. This is achieved by 
encounters between co-located users being recorded, as well as their time and duration, in an encounter record.  Periodically, 
the encounter record is examined and if a suitable pattern of co-location is observed between individuals not listed in the 
friends list, the name is included in the unknown list.  While the friends list is manually created by the user, the unknown list 
is automatically and synchronously generated by the system and not visible to the user due to privacy concerns. When two 
“friends” come in contact with each other, their systems communicate comparing their “unknown lists”. On detection of a 
friend by one system in the other system’s unknown list, the system informs the user of a potential new friend 
recommendation that can be made.  
In addition to social matching, proximity can also be used for synchronous information exchange as done by Hocman 
(Esbjörnsson et. al. 2003) a mobile peer-to-peer application that supports social interaction between motorcyclists.  Hocman 
users provide personal information of themselves and their bikes in HTML pages, which is exchanged with other bikers 
equipped with a Hocman, typically at traffic lights stops. This synchronous interaction is accompanied by audio notifications.  
There is also a major asynchronous component to Hocman which be discussed in the section that follows.   
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Asynchronous Communication Or Asynchronous Location Awareness 
To date, no P3 “proximity” systems that we know of provide an interaction / communication framework that is primarily 
asynchronous.  As mentioned above Hocman, the application that supports social interaction between motorcyclists has a 
significant asynchronous component.  That is, that the system is designed so that when the biker ends her/his journey, s/he 
browses the pages received from other motorcyclists.  Social Net by waiting for friends to interact before exchanging 
information about unknown but potential friends also allows for asynchronous exchanges between users.   
It is possible to imagine numerous designs of hypothetical systems that would fit into this category by more extensively 
utilizing asynchronicity.  Some possible systems are those that stretch our understanding of proximity to include 
asynchronous use of shared physical space rather than synchronous use of physical space. This would be similar to Social Net 
but would require a history of a user’s use of various geographical locations. This would allow the identification of affinities 
such as similar routes of travel to work, use of gyms, etc., even if they occurred at different times of the day. This in turn 
could be used to encourage face-to-face interactions when individuals are co-located synchronously.  This design would still 
be people centric because it would be based on individual location history data, however, it should be noted that this is 
perhaps most easily achieved by taking an absolute rather than relative to proximity approach to user location.  Alternative 
approach is to use data recorded synchronously by the system when individuals are co-located in real time can be used 
asynchronously by the user at a later more convenient time. While this is done by Hocman, the early prototypes described in 
the literature did not strongly support post data exchange interactions.  
Place Centric P3-System Features Based On Use of Space by People 
Synchronous Communication Or Synchronous Location Awareness 
A number of Place centric P3-Systems exist that provide visualizations of current use of defined geographical areas spaces.  
ActiveMap is a software application that enables users to visualize the location and movement of users within a workplace 
environment, providing large-scale, real-time awareness (McCarthy and Meidel 1999). The application provides a window 
with a background showing a map of the physical layout of the workplace. In the foreground, images of the faces of people in 
that workplace are superimposed over the locations in which they were last seen.  Similarly, the ActiveCampus System’s 
(Griswold et. al. 2003) ActiveCampus Explorer Map enables such a feature by overlaying online maps with avatars 
representing online buddies at a physical location.  The Active Badge system also provides a similar feature with the - LOOK 
(location) command, which supplies users with details about the badges that are currently in to the specified location.  A 
number of operators of Wi-Fi networks provide visualizations of the physical location of users connected to their network, 
although this is typically in an anonymous format. An example of this is CMUSky 
(http://www.cmusky.org/map_usercentric.html), which shows usage of CMU’s Wireless Andrew System.  All these systems 
provide synchronous location awareness of users in either an identified or anonymous manner. 
Asynchronous Communication Or Asynchronous Location Awareness 
The visualization of use of physical space online can be based on historical (asynchronous) use of the space in question. In a 
sense online room calendars providing information about the usage of room spaces are such systems.  Using location 
technology, such systems can be extended to include a mechanism for noting attendance in a physical space and making the 
data available in persistent historical format. This works similar to the people-centric asynchronous systems, however, the 
focus here is on defined physical places rather than people’s use of multiple locations. 
Place Centric P3-System Features Based On Interacting in Matching Virtual Places 
As noted above this approach involves virtual spaces, which represent physical space being used to manage user interactions, 
such as message exchanges.  This is the traditional method used by community networks and digital cities projects to support 
community interactions. “Community networks” aim through computer-mediated communication systems to support 
interactions among geographical neighbors (Schuler 1994).  An example, of a community network system can be something 
as simple as an email list for and about residents of a small township or something more complex such as a MOOsburg. The 
MOOsburg community network system provides a choice of tools including an interactive map that can be panned or zoomed 
to locate and navigate to virtual representations of geographical places, along with a related chat area, and location linked 
webboard (Carroll and Rosson 2003).   
Digital cities integrate urban information and create public online spaces for people living or visiting those cities.  ‘Digital 
cities’ typically provide online interactions spaces. For example, America Online’s Digital City, Inc., service 
(http://digitalcity.com), provides online interaction spaces for local chat and personals in addition to standardized location 
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relevant content such as hotels, restaurants, etc. ‘Digital city 2’ projects (Ishida 2002) use high-fidelity, Internet-based 
simulacra of cities, updated continuously via cameras and other sensors to provide data. Digital City Kyoto (Ishida, 2002; 
http://www.digitalcity.gr.jp/), like many digital city projects, addresses a wide range of goals spanning technology 
development, new information services and applications, and support for community life. However, such a broad assortment 
of features reduces the chances of gaining broad community support, participation and collaboration Aurigi (2000). 
Synchronous Communication Or Synchronous Location Awareness 
Synchronous online interactions spaces used by “community networks” and “digital cities” are of this type. With the creation 
of more immersive online environments the specificity of the representations of physical geography is increased as it allows 
interactions to be associated with specific areas of cartographic visualizations. Wireless network coverage is also used to 
increase geographic specificity of interactions by both enabling and limiting the geographic area in which a set of online 
interactions can occur. For example, Wi-Fi access points can be utilized to offer community chat that is limited to the 
geographic range of the access points in question (e.g. Michigan wireless AP chat).  Interactions can be tied to a place by 
through visualizations of interactors using the space. The ActiveCampus Explorer system’s (Griswold et.al. 2003) makes this 
possible by allowing for nearby buddies to be messaged.  However, this approach is place centric rather than people centric 
because the interaction space is not simply created by inter-personal proximity, rather it is framed within an online map 
which represents physical location.   
Asynchronous Communication Or Asynchronous Location Awareness 
Perhaps the most common type of online interaction space used by community networks and digital cities is of this type, 
using traditional asynchronous communication tools such as email lists, and webboards to support online community 
interactions for or about a particular physical location. Some interesting examples of system design approaches developed 
outside of the framework of community networks and digital cities include: spatially (lattitue/longtitude) addressable web 
based bulletin boards, such as IBM’s World Board, that enforce the geocoding of messages (Spohrer 1996); ‘community 
geoblogs’ (http://www.brainoff.com/geoblog/); and systems that allow computer mediated messages to be linked through 
virtual post-it notes or graffiti to location.  These digital notes behave like electronic Post-its (Brown 1995), visible to 
authorized users on their mobile devices when they enter the vicinity or through remote browsing. In the systems that do 
allow the reading of such messages remotely the messages are indexed by locations, which can be searched or found through 
the navigation of online maps.  Examples include E-Graffiti (Burrell & Gay 2001), Geonotes (Espinoza et. al. 2001), and the 
‘graffiti’ function of the ActiveCampus Explorer.  
IMPLICATIONS FOR DESIGN 
The framework presented in Table 1 can be used to inform design in various ways. For example, it provides us with a range 
of features and services that should be considered when developing such systems.  It also highlights how different features 
are likely to have quite distinct impacts on privacy and usability issues. Below we discuss briefly three usability / design 
issues in regards to P3-System features that will need to be examined in greater depth if we are to develop effective P3-
System design guidelines. 
Privacy 
In building P3-Systems designers have to address how user location data will be managed.  In other words, designers have to 
deal with location privacy management. Privacy management needs to be addressed as both a social and design issue.  While 
a centralized approach does not represent a major technological design challenge, public tracking of users raises various 
ethical and social issues.  On the other hand, we are a long way from knowing how to design systems that enable seamless 
user control of location data to satisfy personal data privacy needs while maximizing overall system utility.  The important 
issue to be addressed is - in what situations should personal location data be made public and when should it be kept private. 
The situation is complicated further by mobility and the question then becomes, when and how, and in what situations, are 
users willing to share their location data, at varying levels of precision, to other users.  There are a very wide variety of ways 
to address this issue. These range from privacy management practices being hard coded by designers, through systems that 
enable full user control of their location data, to systems that use emergence to enable utility through the aggregation of 
anonymized location data. 
Mobility 
Since P3 systems are intricately related to place based information, designers have to consider how user mobility affects 
design. Since People-centric systems use user locations, mobility poses a challenge in providing user location data.  For 
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example what level of granularity is desired in a location (room, building, street, city, state, etc.). Enabling systems to infer 
location based data may lead to privacy issues while enabling user control may lead to inconvenience especially when 
granularity of the data increases.  
Scalability 
Designers have to consider the extent to which a P3 system maintains functionality and usability as the number of users being 
located, the geographical coverage, and interactive communication increases.  If functionality is reduced then users may lose 
sense of what is happening in a geographic area covered by the system, or suffer from information overload (Jones and 
Rafaeli 2000).  Further as the number of user increase system robustness/performance may possibly affect synchronous 
communication and awareness more that asynchronous communication and awareness.   
CONCLUSION 
This paper highlights the emergence of a category of information systems that systematically link people-to-people-
geographic-place. The recognition of P3-Systems as a separate category helps in distinguishing between basic design-
features, and provides a conceptual framework for future research and development.   
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